Recently, lymph node micrometastasis has been evaluated for its prognostic value in gastric cancer. Lymph node micrometastasis cannot be detected via a usual pathologic examination, but it can be detected by using some other techniques including immunohistochemistry and reverse transcription-polymerase chain reaction assay. With the development of such diagnostic techniques, the detection rate of lymph node micrometastasis is constantly increasing. Although the prognostic value of lymph node micrometastasis remains debatable, its clinical impact is apparently remarkable in both early and advanced gastric cancer. At present, studies on the prognostic value of lymph node micrometastasis are evolving to overcome its current limitations and extend the scope of its application.
Introduction
In gastric cancer, lymph node metastasis is known as a significant prognostic factor. [1] [2] [3] For this reason, radical lymph node dissection has been included in curative surgery for patients with gastric cancer. 4 However, a node-negative state (pN0) confirmed by conventional H&E staining does not guarantee long-term survival without recurrence. [5] [6] [7] [8] [9] Some researchers suggested that this phenomenon could be caused by the existence of micrometastasis in regional lymph nodes. [5] [6] [7] 10 Lymph node micrometastasis is not detected via a conventional pathologic examination, in which the H&E staining method is employed. Recently, immunohistochemical staining techniques have been applied for detecting micrometastasis in the lymph nodes. 5, 7, [10] [11] [12] [13] [14] [15] In addition, the serial sectioning method 16 and reverse transcription-polymerase chain reaction (RT-PCR) assay 17 are other strategies for detecting micrometastasis. All of these newly developed tools have enabled researchers to investigate the clinical significance of micrometastasis. In this article, we will review the current status and scope of lymph node micrometastasis in gastric cancer.
Main Subjects 1. Definition of lymph node micrometastasis
Currently, micrometastatic foci in lymph nodes are classified as micrometastasis and isolated tumor cells (ITC) according to their size. 18 First, micrometastasis is defined as tumor cell clusters between 0.2 mm and 2.0 mm in the greatest dimension, whereas ITC 
Diagnostic tools for lymph node micrometastasis
As described above, both micrometastasis and ITC cannot be detected via a typical pathologic examination, such as H&E staining.
Therefore, many studies have been performed to establish effective methods for detecting micrometastasis. 20 As a result, some other diagnostic techniques have been introduced to detect lymph node micrometastasis in patients with gastric cancer (Table 1) . 
1) Immunohistochemical staining
Currently, IHC is a widely accepted technique for detecting lymph node micrometastasis in gastric cancer. 10, 11, 25 When micrometastasis is detected by IHC, epithelial markers such as cytokeratin are used. 31 Cytokeratin is a fundamental element comprising the cellular structure of normal or malignant epithelial cells. In the IHC procedure, the slices of lymph nodes are prepared with a monoclonal antibody reactive to human cytokeratin. 15, 24 In previous studies that applied IHC, cytokeratin (CK) AE1/AE3 and CAM 5.2 have been employed as the monoclonal antibodies. 16, 17, 25, [31] [32] [33] [34] [35] Using these monoclonal antibodies, even a single tumor cell can be detected.
Micrometastatic foci are stained brown by IHC using a CAM 5.2 antibody (Fig. 1) .
Fig. 1.
Microscopic view of micrometastatic foci (immunocytochemistry stain with antibody CAM 5.2, ×400). Micrometastatic foci were stained with brownish color by immunohistochemical staining. 36 reported the superiority of serial sectioning with IHC.
The incidence of lymph node micrometastasis is diverse according to the articles published on gastric cancer (Table 1) . 5, 10, [12] [13] [14] [15] 17, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Cai et al. 13 and Kashimura et al. 21 reported that the incidence of lymph node micrometastasis was 25% and 23.4%, respectively, in their articles on T1b gastric cancer. In addition, Kikuchi et al. 37 published a study in which micrometastasis was detected in 43.2% of T2 cases.
Meanwhile, Kim et al. 38 reported that the incidence of lymph node micrometastasis was only 10% in pT1N0 gastric cancer. They assumed that the low incidence was caused by T1a (mucosa invasion) cases 38 ; hence, it seems that the incidence of lymph node micrometastasis is proportional to the cancerous progression of disease in IHC. In other words, a high incidence of lymph node micrometastasis is found in cases involving relatively deep tumor invasion. 5 However, as there is yet no reliable evidence, a systematic review or large-scale analysis is necessary to evaluate this issue.
2) Reverse transcription-polymerase chain reaction assay
Recently, developments of molecular biological techniques have influenced the detection of lymph node micrometastasis. The introduction of RT-PCR increased the detection rate of micrometastasis to a level higher than that achieved by IHC. 17 The reason for its higher sensitivity was attributed to the amplification of gene transcripts associated with occult tumor cells. [39] [40] [41] When micrometastasis is detected by RT-PCR, cytokeratin and carcinoembryonic antigen (CEA) are employed as target markers. 17, 23, 26, 28 CEA can be used as a target marker, since it is expressed in most cancer and normal gastrointestinal cells. 42 According to the report by Arigami et al., 26 RT-PCR assay identified lymph node micrometastasis in 31.3% of patients, whereas IHC detected lymph node micrometastasis in 11.3% of patients. Additionally, Kubota et al. 43 also reported the higher sensitivity of duplex RT-PCR assay than IHC. For 304 lymph nodes with negativity according to the conventional histologic examination, the detection rates of duplex RT-PCR (using CEA and CK 20 as target markers) and IHC (using CK AE1/AE3 monoclonal antibodies as target markers) were 9.9% and 3.6%, respectively.
3) The advances of reverse transcription-polymerase chain reaction assay
Despite the relatively high detection rate, there were some issues with RT-PCR assay for detecting lymph node micrometastasis.
Ruud et al. 44 noted that false-positive results might be caused by the contamination of a pseudogene. On the contrary, there could also be a possibility of false negativity because of the heterogeneous expression of a target marker. 45 However, due to recent advances in this field, issues with accuracy concerning RT-PCR assay have been overcome. Moreover, technical advances have also improved the speed of analysis.
Recently, Yaguchi et al. 46 reported the application of one-step nucleic acid amplification (OSNA) for patients with gastric cancer, through which sentinel node navigation surgery (SNNS) has been considerably realized in this malignancy. As the intraoperative diagnosis of lymph node micrometastasis is mandatory in SNNS, rapidity as well as sensitivity is also required. OSNA targets only CK 19 expression, and it is based on real-time amplification and quantification of mRNA directly from the lysate of lymph nodes. 47 Using this method, approximately 30 minutes are needed to investigate the presence of lymph node micrometastasis. 46 In addition, its sensitivity and specificity were reported as 88.9% and 96.6%, respectively. 46 The Smart Cycler system (Cepheid, Sunnyvale, CA, USA) 48 
The prognostic value of lymph node micrometastasis
Regarding the prognostic significance of lymph node micrometastasis in gastric cancer, many studies have been performed in patients with node-negative tumors (Table 2) . 5, 7, 10, [12] [13] [14] [15] 22, 24, 25, 30, 37, 38, 49, 50 In 1996, Maehara et al. 5 reported the clinical significance of lymph node micrometastasis by investigating pT1N0 patients who died of recurrence. Of 34 patients with node-negative early gastric cancer (EGC), lymph node micrometastases were detected in eight patients who exhibited a poorer prognosis. Moreover, Harrison et al. 22 investigated the 5-year overall survival of patients with pT1-4N0
tumors. In this study, the 5-year overall survival of IHC-positive patients was significantly decreased. Yasuda et al. 15 also reported the prognostic effect of lymph node micrometastasis in node-negative advanced gastric cancer (AGC). In addition, we reported the significance of lymph node micrometastasis by focusing on its correlation with E-cadherin expression in pT1-3N0 gastric cancer. 51 On the contrary, several contradictory results have also been re ported. According to a report by Fukagawa et al., 49 the presence of lymph node micrometastasis did not affect the prognosis of 107 patients with pT2-3N0 gastric cancer. In this study, the 10-year as well as 5-year survival were not significantly different between patients with and without lymph node micrometastasis. Morgagni et al. 52 also reported that 5-and 10-year overall survival rates were not affected by lymph node micrometastasis in 300 patients with node-negative EGC. Additionally, Choi et al. 12 reported that lymph node micrometastasis did not influence disease-free survival rate in 88 patients with EGC invading the submucosal layer.
The clinical impact of lymph node micrometastasis in early gastric cancer
Although the prognostic value of lymph node micrometastasis remains debatable in the current field of gastric cancer, lymph node micrometastasis is one of the most interesting topics in EGC. In fact, several studies started from focusing pT1N0 gastric cancer. 25, 30 Moreover, the concept of lymph node micrometastasis affects several types of limited procedures for EGC.
1) Endoscopic resection
Recently, endoscopic mucosal resection (EMR) was suggested as a substitute for radical gastrectomy, because it has provided the better quality of life as well as favorable long-term outcomes for patients with EGC. 53 In addition, endoscopic submucosal dissection (ESD), a new procedure introduced after EMR, is performed for en bloc resection regardless of the tumor size. 54 If oncologic safety were definitely guaranteed, there would be no objection to performing EMR or ESD for gastric cancer. However, there are some issues concerning EMR or ESD. One of them is the possibility of lymph node metastasis.
Usually, when lymph node metastasis is not expected, EMR or ESD can be applied. 55 In other words, conditions in which no lymph node metastasis is expected have been suggested as indications for EMR or ESD. This criterion has been widely accepted in Korea and Japan. 55 However, the indication of these procedures has been expanded recently, 56 and this caused some concerns regarding their application. The most important concern is the clinical 55 reported that 2.8% of the tumors satisfying the extended indication exhibited lymph node metastasis. These data were obtained via the examinations for macrometastasis. If micrometastasis is considered as regards to this issue, the possibility of missing metastasized lymph nodes is expected to be higher. Therefore, the risk of these procedures should be re-evaluated if the concept of lymph node micrometastasis can be established more clearly.
2) Sentinel node navigation surgery
Nowadays, a large number of patients with EGC are diagnosed with pN0 disease after curative surgery. 59 These patients are expected to have a promising prognosis without radical lymph node dissection, although radical lymph node dissection should be included in the standard surgery for gastric cancer. 4 For this reason, endoscopic resection, such as EMR or ESD, has been widely performed in selected patients with EGC. However, the pathologic node status cannot be confirmed in endoscopic resection for gastric cancer. Since all of the cT1N0 cases are not diagnosed as pT1N0, a good prognosis is not guaranteed after endoscopic resection.
Therefore, many investigators recently reported the applicability of SNNS in patients with cT1N0 disease. [60] [61] [62] [63] As the pathologic node status is examined intraoperatively, selective lymph node dissection can be performed with oncologic safety.
However, an important concern regarding SNNS is the accuracy of the intraoperative pathologic examination. Recurrence is not acceptable after such limited surgeries, since most patients with cT1N0 disease show promising prognosis after the standard operation including radical lymph node dissection. Therefore, an accurate assessment of intraoperative lymph node status is very critical when performing SNNS.
In general, the intraoperative assessment of lymph node status has been performed using the H&E staining method during standard surgery. However, considerable discrepancies between the intraoperative and postoperative examination have been demonstrated in the clinical management of patients with gastric cancer. 20 This issue has also been emphasized in the clinical application of SNNS for patients with malignant melanoma or breast cancer. 64, 65 Intraoperative H&E staining also displayed low sensitivity for detecting lymph node micrometastasis in the patients with breast cancer. 64 Several strategies have been suggested as solutions for avoiding these issues. First, to overcome the heterogeneous distribution of metastatic foci in lymph nodes, serial sectioning has been proposed. Actually, further examination based on serial sectioning results in the sensitive detection of lymph node micrometastasis in patients with gastric cancer. 36 Although this method is expensive and laborious in the intraoperative setting, it is one of the important strategies for decreasing the false-negative rate of sentinel lymph node biopsy. 66 Second, to determine the accurate metastatic status, intraoperative IHC and RT-PCR have been used and developed, as we described previously.
In SNNS, if histological and molecular evaluations do not reveal macro-and micrometastasis in all sentinel lymph nodes that are intraoperatively harvested, the patients could be treated by laparoscopic partial gastrectomy with sentinel node dissection. [67] [68] [69] In addition, even ESD can be applied in such cases. 70, 71 On the other hand, standard gastrectomy with radical lymph node dissection should be performed if macro-or micrometastases are detected in the sentinel nodes. Therefore, the accuracy of detecting micrometastasis is more significant in patients undergoing only limited surgery, because only one micrometastasis should be detected to determine whether it is oncologically safe to leave the lymph nodes that would have been removed during the standard surgery. This is the reason why SNNS is not apart from the studies on lymph node micrometastasis.
The clinical impact of lymph node micrometastasis in advanced gastric cancer
Recently, the most remarkable issue concerning lymph node micrometastasis has been its applicability to limited surgery for EGC. However, lymph node micrometastasis is also associated with some remarkable issues regarding the management of AGC.
1) Stage migration in advanced gastric cancer
Until the present, many researchers have focused on the detection of lymph node micrometastasis in patients with pN0 tumors.
The representative reason why they concentrated on node-negative cases was based on the perspective that lymph node macrometastasis would be more significant than lymph node micrometastasis.
In other words, the prognostic value of lymph node micrometastasis has been ignored when any macrometastatic node existed. 2) The new staging system Another significant issue regarding lymph node micrometastasis in AGC is the node staging system. The current staging system states that lymph node micrometastases have the same prognostic value as lymph node macrometastases. 19 However, as described above, the prognostic value of lymph node micrometastasis remains controversial, since some results are supportive and other results are contradictory. 4, 12, 22, 49, 51, 52 In addition, many institutes do not include lymph node micrometastasis in the staging. Concerning this issue,
we recently reported the validity of including micrometastasis in the node staging. 76 In this study, a new staging system including lymph node micrometastasis was suggested, and it was also compared to the conventional staging system, in which only the number of macrometastatic nodes was reflected. As a result, the prognostic difference between the N2 and N3a stages became more distinct in the new staging system than in the conventional staging system. 76 Although this result cannot be generalized to all clinical conditions, it implies that lymph node micrometastasis could affect the stage in patients with AGC as well as in patients with EGC.
Conclusions
Through the efforts of many previous researchers, the clinical significance of lymph node micrometastasis has been accepted in the field of gastric cancer. Although there is no consensus, the studies on lymph node micrometastasis are evolving to overcome the contradictory results and extend the scope of its application from EGC to AGC.
